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(54) [Title of the Invention] OPTICAL FREQUENCY SWEEPING 
APPARATUS 

(57) [Abstract] 

[Object] An object is to make it possible for an optical 
frequency sweeping apparatus which sweeps a frequency of a 
light wave to sweep a frequency of a light wave in broadband 
with high precision. 

[Construction] An optical frequency sweeping apparatus 
includes: an optical pulse modulator for converting 
continuous incident light from the outside into pulsed 
light; a light directional coupler for capturing the pulsed 
light into a first port and uses a first output port as an 
output port to the outside; an optical loop circuit for 
connecting a second output port and a second input port of 
the light directional coupler and including, in a light path 
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thereof, an optical amplifier for amplifying the pulsed 
light, a frequency shifter for giving a predetermined 
frequency shift to the frequency of the pulsed light and an 
optical switch for turning the pulsed light on and off; and 
a control circuit for synchronous controlling the optical 
pulse modulator and the optical switch, 

wherein a optical band-pass filter having a transmission 
band characteristic eliminating amplified spontaneous 
emission occurring in the optical amplifier is inserted in 
the light path of the optical loop circuit. 



[Claims] 

[Claim 1] An optical frequency sweeping apparatus 
comprising: an optical pulse modulator for converting and 
outputting continuous incident light from the outside into 
pulsed light having a predetermined pulse width; 
a light directional coupler having a structure for splitting 
incident light of a first input port and a second input port 
into a first output port or a second output port in order to 
capture the pulsed light into the first port and to use the 
first output port as an output port to the outside; 
an optical loop circuit for connecting the second output 
port and the second input port of the light directional 
coupler and including, in a light path thereof, an optical 
amplifier for amplifying the pulsed light, a frequency 
shifter for giving a predetermined frequency shift to the 
frequency of the pulsed light and an optical switch for 
turning the pulsed light on and off; and 

a control circuit for synchronous controlling the optical 
pulse modulator and the optical switch, 

wherein a optical band-pass filter having a transmission 
band characteristic transmitting the pulsed light and 
eliminating amplified spontaneous emission occurring in the 
optical amplifier is inserted in the light path of the 
optical loop circuit. 

[Claim 2] An optical frequency sweeping apparatus. 
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comprising: an optical pulse modulator for converting and 
outputting continuous incident light from the outside into 
pulsed light having a predetermined pulse width; 
a light directional coupler having a structure for splitting 
incident light of a first input port and a second input port 
into a first output port or a second output port in order to 
capture the pulsed light into the first port and to use the 
first output port as an output port to the outside; 
an optical loop circuit for connecting the second output 
port and the second input port of the light directional 
coupler and including, in a light path thereof, an optical 
amplifier for amplifying the pulsed light, a frequency 
shifter for giving a predetermined frequency shift to the 
frequency of the pulsed light and an optical switch for 
turning the pulsed light on and off; and a control circuit 
for synchronous controlling the optical pulse modulator and 
the optical switch, 

wherein a optical band-pass filter having a transmission 
band characteristic transmitting the pulsed light and 
eliminating amplified spontaneous emission occurring in the 
optical amplifier and 

a polar i zed-wave control element for controlling the pulsed 
light in a polar i zed-wave state having little optical loss 
are inserted in the light path of the optical loop circuit, 
[Claim 3] The optical frequency sweeping apparatus 



according to Claim 1 or Claim 2 , 

wherein the frequency shifter and the optical switch are 
constituted by one acousto-optical element. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention 
relates to an optical frequency sweeping apparatus for 
sweeping a frequency of a light wave. 
[0002] 

[Description of the Related Art] In known control^ 
modulation, and sweeping of an optical frequency, a direct 
modulation method by controlling physical parameter of a 
light source or an external modulation method by controlling 
a modulation signal of an external modulator is employed. 
However, by using either method, it has been difficult to 
achieve frequency sweeping with high precision using the 
known structure. Accordingly, use of an optical frequency 
has been limited to a very small range in optical 
communications, optical measurement, or optical signal 
processing, etc. 

[0003] Under these circumstances, a completely new 
technique capable of sweeping the frequency of a light wave 
with very high precision in a stepwise manner has been 
developed (Japanese Patent Application No. 4-36181). As 
shown in Fig. 3, the optical frequency sweeping apparatus 



has a structure having an optical pulse modulator 31 for 
converting continuous incident light into pulsed light 
having a predetermined pulse width and an optical loop 
circuit which internally includes an acousto-optical 
frequency shifter 32 and an optical amplifier 33 and in 
which the pulsed light output from the optical pulse 
modulator 31 is led into an optical loop circuit through an 
light directional coupler 34. In this regard^ in the light 
directional coupler 34, a half of the pulse strength is 
externally output and the remaining half is transmitted to 
the optical amplifier 33 of the optical loop circuit. 
[0004] The optical amplifier 33 amplifies the pulsed light, 
and the acousto-optical frequency shifter 32 gives a 
predetermined frequency shift to the amplified pulse light, 
and leads it to the light directional coupler 34. The light 
directional coupler 34 splits the pulsed light again into an 
external output and circulating pulsed light. Subsequently, 
in the same manner, a predetermined frequency shift is given 
to the pulsed light for each full circle of the optical 
loop circuit. Thus, the frequency of the light output from 
the light directional coupler 34 to the outside can be 
changed in a stepwise manner using the shift frequency as a 
unit on the time axis . 

[0005] In this regard, a control circuit 35 synchronously 
controls the optical pulse modulator 31 and the acousto- 
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optical frequency shifter 32 to perform cyclically repeating 
the operation of frequency sweeping • Also^ by making the 
pulse width of the pulsed light and the loop length 
(circling time) of the optical loop circuit equal, it is 
possible to output pseudo-continuous light having a 
frequency changing in a stepwise manner. Also, when a 
sufficient gain for compensating the optical loss in the 
light directional coupler and the optical loop circuit is 
obtained in the optical amplifier 33, the light is possible 
to go around the optical loop circuit a plurality of times, 
and thus it is possible to give a relatively large frequency 
shift to the subsequent pulsed light. 
[0006] 

[Problems to be Solved by the Invention] Incidentally, in 
the structure of the optical frequency sweeping apparatus of 
the previous application, amplified spontaneous emission 

(ASE) occurs in the optical amplifier disposed in the 
optical loop circuit. This amplified spontaneous emission 
is stored for each circling of the pulsed light around the 
optical loop circuit. Thus, it is actually difficult for 
the pulsed light to go around a plurality of times to sweep 
the frequency in a wide range. 

[0007] That is to say, if there is a predetermined level of 
the amplified spontaneous emission with respect to signal 
light, the population inversion formed in the amplification 
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medium of the optical amplifier is consumed for the 
amplification of the amplified spontaneous emission. 
Accordingly, even if the total intensity of the signal light, 
that is, the sum of the signal light and the amplified 
spontaneous emission is kept at a constant for each circling, 
the intensity of the signal light decreases for each 
circling, and thus it is not possible to sweep a frequency 
in a wide range by increasing the number of circling times. 
[0008] It is an object of the present invention to solve 
such an inconvenience and to provide an optical frequency 
sweeping apparatus capable of sweeping a frequency of a 
light wave in broadband and with high precision. 
[0009] 

[Means for Solving the Problems] According to the invention 
set forth in Claim 1, there is provided an optical frequency 
sweeping apparatus comprising: an optical pulse modulator 
for converting and outputting continuous incident light from 
the outside into pulsed light having a predetermined pulse 
width; a light directional coupler having a structure for 
splitting incident light of a first input port and a second 
input port into a first output port or a second output port 
in order to capture the pulsed light into the first port and 
to use the first output port as an output port to the 
outside; an optical loop circuit for connecting the second 
output port and the second input port of the light 
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directional coupler and including^ in a light path thereof, 
an optical amplifier for amplifying the pulsed light, a 
frequency shifter for giving a predetermined frequency shift 
to the frequency of the pulsed light and an optical switch 
for turning the pulsed light on and off; and a control 
circuit for synchronous controlling the optical pulse 
modulator and the optical switch, wherein a optical band- 
pass filter having a transmission band characteristic 
transmitting the pulsed light and eliminating amplified 
spontaneous emission occurring in the optical amplifier is 
inserted in the light path of the optical loop circuit. 
[0010] According to the invention set forth in Claim 2, a 
polar i zed-wave control element for controlling the pulsed 
light in a polar i zed-wave state having little optical loss 
is further inserted in the light path of the optical loop 
circuit* According to the invention set forth in Claim 3, 
the frequency shifter and the optical switch are constituted 
by one acousto-optical element. 
[0011] 

[Operation] In the optical frequency sweeping apparatus of 
the present invention, when pulsed light is circling while 
being given a predetermined frequency shift by the frequency 
shifter in the optical loop circuit and being amplified by 
the optical amplifier, it is possible to reduce the 
intensity of the amplified spontaneous emission by inserting 
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a optical band-pass filter for remarkably eliminating the 
amplified spontaneous emission occurring in the optical 
amplifier in the light path of the optical loop circuit. 
Accordingly, the amplification of the amplified spontaneous 
emission in the optical amplifier is restrained when the 
pulsed light and the amplified spontaneous emission go 
around. Thus, it is possible to achieve broadband frequency 
sweeping by increasing the number of circling of the pulsed 
light . 

[0012] Assuming that the noise index of the optical 
amplifier is m, the energy of the photon is E and the 
intensity of the incident light from the outside is Pq, the 
following relationship is approximately holds between the 
bandwidth B of the optical band-pass filter inserted and the 
intensity of the output pulsed light after the n-th 
circling: 

Pj, = (1 - 2mE B/Po)^ Po- 

Here, the value in the parentheses is closer to 1 as the 
bandwidth B of the optical band-pass filter becomes smaller, 
and the intensity of the signal light is substantially 
maintained after a large number of circling times. For 
example, in the case where B = 100 GHz, Pq = 1 mW for the 
light having a wavelength of 1.55 ixm, it is possible to 
circle 10000 times until the intensity of the signal light 
decreases to a half of the intensity of the incident light. 
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In this regard, since the frequency of the signal light is 
shifted for each circling, the number of circling times 
(frequency sweeping band) is restricted by the bandwidth B 
of the optical band-pass filter. 

[0013] In the optical frequency sweeping apparatus of the 
invention set forth in Claim 2, a polarized -wave control 
element for controlling the pulsed light is inserted in a 
state having little optical loss in the light path of the 
optical loop circuit. Thus, it is possible to suppress the 
variation of the loss accompanied by the variation of the 
polarized wave to achieve a stable operation of the 
frequency sweeping output. 

[0014] In the optical frequency sweeping apparatus of the 
invention set forth in Claim 3, by using an acousto-optical 
element, it is possible to share the functions of the 
frequency shifter and the optical switch. 
[0015] 

[Embodiment] Fig. 1 is a bloclc diagram illustrating a 
structure of an embodiment of an optical frequency sweeping 
apparatus of the present invention. In this regard, the 
present embodiment is an embodiment corresponding to the 
invention set forth in Claim 2 . 

[0016] In the figure, an optical pulse modulator 31 
captures continuous light which has occurred by a laser 
light source, etc., from an external input port 36 and 
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converts the light into pulsed light having a predetermined 
pulse width to emit it to a first input port (1) of a light 
directional coupler 34. An external output port 37 is 
connected to a first output port (2) of the light 
directional coupler 34. A second output port (3) and a 
second input port ( 4 ) are connected through a loop-state 
light guide 38. A frequency shifter 11 for giving a 
predetermined frequency shift to the pulsed light split by 
the light directional coupler 34, an optical amplifier 33, 
a optical band-pass filter 12 for eliminating the amplified 
spontaneous emission occurring in the optical amplifier 33, 
a polarized-wave control element 13, and an optical switch 
14 are inserted in this light guide 38, thereby constituting 
an optical loop circuit. 

[0017] A control circuit 35 synchronously controls the on- 
and-off state of the optical switch 14 and the optical pulse 
modulator 31. Thus, it is possible to avoid the last 
circling pulsed light and the pulsed light input from the 
outside overlapping with each other in time. Thereby, it is 
possible to cyclically repeat frequency sweeping. 
[0018] In this regard, for the polarized-wave control 
element 13, for example, a 1/2 wavelength plate or a 1/4 
wavelength plate is used. The existence of the polarized- 
wave control element 13 does not directly affect the 
operation of the light frequency sweeping. However, by 



inserting it, it is possible to suppress variations of the 
loss accompanied by the variations of the polarized wave. 
Thus, it is possible to stabilize the intensity of the 
output light. Also, the position of the frequency shifter 
11 may be after the optical band-pass filter 12. 
Furthermore, by using the acousto-optical frequency shifter 
32 shown in Fig. 3, it is possible to share the functions of 
the frequency shifter 11 and the optical switch 14. 
[0019] With this arrangement, a predetermined frequency 
shift is given to the pulsed light circling the optical loop 
circuit, and thus it is possible to change the frequency of 
the light output to the external output port 37 from the 
light directional coupler 34 in a stepwise manner using the 
number of shift frequency as a unit on the time axis. In 
this regard, by making the pulse width of the pulsed light 
emitted from the optical pulse modulator 31 and the loop 
length (circling time) of the optical loop circuit equal, it 
is possible to change the pulsed light produced from the 
external output port 37 to pseudo-continuous light having a 
frequency changing in a stepwise manner. 

[0020] Here, the feature of the present invention is a 
structure in which the amplified spontaneous emission 
occurring in the optical amplifier 33 is eliminated by the 
band-pass filter 12. Thus, it is possible to suppress the 
deterioration of the signal light component at a minimum 



even if the number of circling of the pulsed light is 
increased. That is to say, it is possible to sweep a 
broadband light frequency with high precision. 
[0021] Fig. 2 are graphs illustrating an experiment result 
for confirming the optical frequency sweeping operation in 
the present embodiment. In the figure, the horizontal axis 
indicates the wavelength and the vertical axis indicates the 
intensity of light. Also, a chain-dotted line indicates a 
wavelength of 1534.6 nm of the light input from the outside. 
A solid-line waveform indicates the output produced by 
receiving the frequency shift. A dashed-line waveform 
indicates the amplified spontaneous emission impossible to 
be eliminated by the optical band-pass filter 12. (a) shows 
the appearance of a frequency shift of about 20 GHz after 
270 circles. (b) shows the appearance of a frequency shift 
of about 40 GHz after 540 circles. (c) shows the appearance 
of a frequency shift of about 60 GHz after 810 circles. 
[0022] 

[Advantages] As described above, according to the present 
invention, amplified spontaneous emission occurring in an 
optical amplifier of an optical loop circuit light can be 
effectively eliminated by a optical band-pass filter, and 
thus it is possible to increase the number of circling times 
of pulsed light to very high. That is to say, it is 
possible to sweep a frequency in very wide broadband while 



maintaining high frequency sweeping precision. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a block diagram illustrating a structure 
of an embodiment of an optical frequency sweeping apparatus 
of the present invention. 

[Fig. 2] Fig. 2 are graphs illustrating an experiment 
result for confirming the optical frequency sweeping 
operation in the embodiment. 

[Fig. 3] Fig. 3 is a block diagram illustrating an example 
of the structure of the optical frequency sweeping apparatus 
in a previous application. 
[Reference Numerals] 

11 frequency shifter 

12 optical band-pass filter 

13 polar ized-wave control element 

14 light switch 

31 optical pulse modulator 

32 acousto-optical frequency shifter 

33 optical amplifier 

34 light directional coupler 

35 control circuit 

36 external input port 

37 external output port 

38 light guide 
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Translation for Drawings: 
[Fig. 1] 

STRUCTURE OF AN EMBODIMENT OF AN OPTICAL FREQUENCY SWEEPING 
APPARATUS OF THE PRESENT INVENTION 

11 FREQUENCY SHIFTER 

12 OPTICAL BAND-PASS FILTER 

13 POLARI ZED-WAVE CONTROL ELEMENT 

14 LIGHT SWITCH 

31 OPTICAL PULSE MODULATOR 

CONTINUOUS LIGHT 

PULSED LIGHT 
33 OPTICAL AMPLIFIER 
35 CONTROL CIRCUIT 

FREQUENCY SWEEPING OUTPUT 
[Fig. 2] 

EXPERIMENT RESULT FOR CONFIRMING THE OPTICAL FREQUENCY 
SWEEPING OPERATION IN THE EMBODIMENT 

(a) LIGHT INTENSITY 

(b) LIGHT INTENSITY 
(C) LIGHT INTENSITY 

WAVELENGTH 
[Fig. 3] 

EXAMPLE OF A STRUCTURE OF THE OPTICAL FREQUENCY SWEEPING 
APPARATUS IN A PREVIOUS APPLICATION 
31 OPTICAL PULSE MODULATOR 
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CONTINUOUS LIGHT 
PULSED LIGHT 

32 ACOUSTO-OPTICAL FREQUENCY SHIFTER 

33 OPTICAL AMPLIFIER 
35 CONTROL CIRCUIT 

FREQUENCY SWEEPING OUTPUT 



L 



4P 




I 



J 



